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[000 1 ] SPREAD SPECTRUM COMMUNICATIONS USING 

A REFERENCE AND A MESSAGE SIGNAL SYSTEM AND METHOD 

[0002] This patent is a continuation application of U.S. Patent Application No. 

09/395,626, filed on September 14, 1999, which is a continuation application of U.S. Patent 

Application No. 08/871,479, filed on June 9, 1997, now U.S. Patent No. 5,974,039, issued 

October 26, 1999, which is a continuation application of U.S. Patent Application No. 

08/628,012, filed on April 4, 1996, now U.S. Patent No. 5,663,956, issued September 2, 

p, 1 997, which is a continuation application of U. S . Patent Application No. 08/3 1 1 ,773 , filed 

|| September 23, 1994, now U.S. Patent No. 5,506,864, issued April 9, 1996, which is a 

pjj continuation of U.S. Patent Application No. 08/178,016, filed February 23, 1994, now U.S. 

C| Patent No. 5,365,544, issued November 15, 1994, which was a file wrapper continuation 

© application of U.S. Patent Application No. 08/006,851, filed January 21, 1993, now 

O abandoned, which was a continuation-in-part application of U.S. Patent Application No. 

m 

p 07/622,235, filed December 5, 1990, now U.S. Patent No. 5,35 1,269, issued Sep. 27, 1994, 

|! and of U.S. Patent Application No. 07/626, 109, filed December 14, 1990, now U.S. Patent 

m No. 5,228,056, issued July 13, 1993. 

[0003] BACKGROUND 

[0004] This invention relates to spread-spectrum communications and more 
particularly to a system and method for locating within a cell, a remote unit communicating 
synchronously with a spread-spectrum-communications signal using a reference carrier 
signal supplied on a spread-spectrum channel by the transmitter. 



p 
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[0005] DESCRIPTION OF THE RELEVANT ART 

[0006] Referring to Figure 1, message data, d(t), are processed by spread-spectrum 
modulator 51, using a message-chip-code signal, gi (t), to generate a spread-spectrum data 
signal. The spread-spectrum data signal is processed by transmitter 52 using a carrier signal 
at a carrier frequency f G , and transmitted over communications channel 53. 
[0007] At a receiver, a spread-spectrum demodulator 54 despreads the received 
spread-spectrum signal, and the message data are recovered by synchronous data 
demodulator 60 as received data. The synchronous data demodulator 60 uses a reference 
signal for synchronously demodulating the despread spread-spectrum signal. The square- 
law device 55, bandpass filter 56 and frequency divider 57 are well known in the art for 



Q generating a reference signal from a received modulated data signal. A Costas Loop or other 

M 

Til reference signal generating circuit is adequate for this purpose. 

P 

gj) [0008] In a fading channel, such as the ionosphere or any channel containing 

O 

B multipath, or more generally, any channel in which the received signal's amplitude fluctuates 
|jj with time, synchronous demodulation is not practical since the phase of the incoming signal 
P typically is not the same as the phase of the reference. In such cases differential phase shift 
P keying (DPSK) is employed. With DPSK the received signal is delayed by one symbol and 
multiplied by the undelayed signal. If the resulting phase is less than ±90° a 0-bit is 
declared, otherwise a 1-bit is declared. Such a system is complex and suffers degradation 
of about 6 dB at error rates of 10' 2 . 

[0009] The prior art does not provide a system and method for synchronously 
communicating, using spread-spectrum modulation, with a base station and in combination 
locating a remote unit within the cell of a base station. 



[0010] SUMMARY 

[0011] A spread spectrum communication system produces a reference signal. A 
message signal is produced compromising message data. The reference signal and the 
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message signal is combined as a combined signal. The combined signal is transmitted as a 
combined spread spectrum signal. The combine spread spectrum signal is received. The 
reference signal is detected within the received combined spread spectrum signal. The 
message data is recovered using the detected reference signal. 



[0012] BRIEF DESCRIPTION OF THE DRAWING(S) 

[0013] The accompanying drawings, which are incorporated in and constitute a part 
of the specification, illustrate preferred embodiments of the invention, and together with the 
description serve to explain the principles of the invention. 

ju [0014] Figure 1 is a prior art scheme for synchronously recovering message data; 

CI 

p [0015] Figure 2 shows a synchronous spread-spectrum system with a bit synchronizer, 

jjj synchronized to a generic chip code generator according to the present invention; 

O [0016] Figure 3 A shows a synchronous spread spectrum transmitter system for a 

Cf plurality of message data; 

B 

Q [00 1 7] Figure 3 B shows a spread spectrum receiver using a synchronous detector for 

fU 

Cj receiving a plurality of spread-spectrum processed signals; 

gi 

[00 1 8] Figure 3C shows a spread spectrum receiver using a nonsynchronous detector 
ft' for receiving a plurality of spread-spectrum processed signals; 

[0019] Figure 4 shows a synchronous spread-spectrum demodulating method; 
[0020] Figure 5 is a block diagram of a base station for communicating synchronously 
with, and geolocating, a remote unit; and 

[0021] Figure 6 is a block diagram of a remote unit for communicating with a base 
station and for geolocation. 
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[0022] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

[0023] Reference is now made in detail to the present preferred embodiments of the 

invention, examples of which are illustrated in the accompanying drawings, wherein like 

reference numerals indicate like elements throughout the several views. 

[0024] The spread-spectrum communications and geolocation system and method of 

the present invention is an extension of an invention disclosed in a U.S. patent application 

entitled, SYNCHRONOUS-SPREAD-SPECTRUM COMMUNICATIONS SYSTEM AND 

METHOD, by Donald L. Schilling, having U.S. Patent Application No. 07/626,109 and 

filing date of Dec. 14, 1990, now issued U.S. Patent No. 5,228,056. For completeness of 

p disclosure, the following discussion includes the disclosure in the original patent application, 
p J " 

and subsequently goes into a discussion for geolocation. 

ry 

Q 
01 
0 



[0025] The spread spectrum signals of the present invention are designed to be 
"transparent" to other users, i.e., spread spectrum signals are designed to provide negligible 

a interference to the communication of other existing users. The presence of a spread 

O 

ftf spectrum signal is difficult to determine. This characteristic is known as low probability of 

o 

Ql interception (LPI) and low probability of detection (LPD). The LPI and LPD features of 
j~j spread spectrum allow transmission between users of a spread spectrum CDMA 
communications system without the existing users of the mobile cellular system 
experiencing significant interference. The present invention makes use of LPI and LPD 
with respect to predetermined channels in the mobile cellular system or in the fixed-service 
microwave system. By having the power level of each spread spectrum signal below the 
predetermined level, then the total power from all spread spectrum used within a cell does 
not interfere with mobile users in a mobile cellular system, or with microwave users in the 
fixed-service microwave system. 

[0026] Spread spectrum is also "jam" or interference resistant. A spread spectrum 
receiver spreads the spectrum of the interfering signal. This reduces the interference from 
the interfering signal so that it does not noticeably degrade performance of the spread 
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spectrum system. This feature of interference reduction 10 makes spread spectrum useful 
for commercial communications, i.e., the spread spectrum waveforms can be overlaid on top 
of existing narrowband signals. 

[0027] The present invention employs direct sequence spread spectrum, which uses 
a phase modulation technique. Direct sequence spread spectrum takes the power that is to 
be transmitted and spreads it over a very wide bandwidth so that the power per unit 
bandwidth (watts/hertz) is minimized. When this is accomplished, the transmitted spread 
spectrum power received by a mobile cellular user or a microwave user, having a relatively 
narrow bandwidth, is only a small fraction of the actual transmitted power. 

h fa [0028] In a fixed-service microwave system, by way of example, if a spread spectrum 

O 

O signal having a power of 10 milliwatts is spread over a fixed-service microwave bandwidth 

flj of 10 MHz and a microwave user employs a communication system having a channel 

Q 

bandwidth of only 2 MHz, then the effective interfering power due to one spread spectrum 

CI 

signal, in the narrow band communication system, is reduced by the factor of 10 MHz/2 
|| MHz. For fifty concurrent users of spread spectrum, the power of the interfering signal due 
0 to spread spectrum is increased by fifty. 

C I [0029] The feature of spread spectrum that results in interference reduction is that the 

m 

spread spectrum receiver actually spreads the received energy of any interferer over the same 
wide bandwidth, 10 MHz in the present example, while compressing the bandwidth of the 
desired received signal to its original bandwidth. For example, if the original bandwidth of 
the desires message data is only 30 kHz, then the power of the interfering signal produced 
at a base station is reduced by 10 MHz/30 kHz. 

[0030] Direct sequence spread spectrum achieves a spreading of the spectrum by 
modulating the original signal with a very wideband signal relative to the data bandwidth. 
This wideband signal is chosen to have two possible amplitudes, +1 and -1, and these 
amplitudes are switched, in a "pseudo-random" manner, periodically. Thus, at each equally 
spaced time interval, a decision is made as to whether the wideband modulating signal 
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should be +1 or -1. If a coin were tossed to make such a decision, the resulting sequence 
would be truly random. However, in such a case, the receiver would not know the sequence 
a priori and could not properly receive the transmission. Instead, a chip-code generator 
generates electronically an approximately random sequence, called a pseudo-random 
sequence, which is known a priori to the transmitter and receiver. 
[003 1 ] Code Division Multiple Access 

[0032] Code division multiple access (CDMA) is a direct sequence spread spectrum 
system in which a number, at least two, of spread-spectrum signals communicate 
simultaneously, each operating over the same frequency band. In a CDMA system, each user 

N is given a distinct chip code. This chip code identifies the user. For example, if a first user 

□ 

■war 

CI has a first chip code, g x (t), and a second user has a second chip code, g 2 (t), etc., then a 

SI 

flj receiver, desiring to listen to the first user, receives at its antenna all of the energy sent by 
all of the users. However, after despreading the first user's signal, the receiver outputs all 
p the energy of the first user but only a small fraction of the energies sent by the second, third, 

C! etc., users. 

[U 

□ [0033] CDMA is interference limited. That is, the number of users that can use the 

W 

Q same spectrum and still have acceptable performance is determined by the total interference 

RJ 

power that all of the users, taken as a whole, generate in the receiver. Unless one takes great 
care in power control, those CDMA transmitters which are close to the receiver cause 
overwhelming interference. This effect is known as the "near-far" problem. In a mobile 
environment the near-far problem could be the dominant effect. Controlling the power of 
each individual mobile remote user is possible so that the received power from each mobile 
remote user is the same. This technique is called "adaptive power control". See U.S. Patent 
No. 5,093,840, having issue date of March 3, 1992, entitled, ADAPTIVE POWER 
CONTROL FOR A SPREAD SPECTRUM SYSTEM AND METHOD, by Donald L. 
Schilling, which is incorporated herein by reference. 
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[0034] The spread spectrum communications system of the present invention is a code 
division multiple access (CDMA) system. Spread spectrum CDMA can significantly 
increase the use of spectrum. With CDMA, each user in a cell uses the same frequency 
band. However, each CDMA signal has a separate pseudo random code which enables a 
receiver to distinguish a desired signal from the remaining signals. Remote users in adjacent 
cells use the same frequency band and the same bandwidth, and therefore "interfere" with 
one another. A received signal may appear somewhat noisier as the number of users' signals 
received by a PCN base station increases. 

[0035] Each unwanted user's signal generates some interfering power whose 
q magnitude depends on the processing gain. Remote users in adjacent cells increase the 
q expected interfering energy compared to remote users within a particular cell by about 50%, 

assuming that the remote users are uniformly distributed throughout the adjacent cells. 

Q 

OE? Since the interference increase factor is not severe, frequency reuse is not employed. 

© 

s [0036] Each spread spectrum cell can use a full 10 MHz band for transmission and 

C! 

j^j a full 10 MHz band for reception. Hence, using a chip rate of five million chips per second 
gl and a coding data rate of 4800 bps results in approximately a processing gain of 1000 chips 
S| per bit. It is well known to those skilled in the art: that the maximum number of CDMA 

remote users that can concurrently use a frequency band is approximately equal to the 

processing gain. 

[0037] Synchronous Spread Spectrum Communications 

[0038] As illustratively shown in Figure 2, a spread spectrum code division multiple 
access (CDMA) communications system for use over a communications channel 110 is 
provided comprising generic means, message means, spreading means, summer means, 
transmitting means, generic-spread-spectrum-processing means, message-spread-spectrum- 
processing means, acquisition and tracking means, detection means and synchronous means. 
The generic means and message means are embodied as a transmitter-generic-chip-code 
generator 101 and transmitter-message-chip-code generator 102. The spreading means is 
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shown as an EXCLUSIVE-OR device 103, which may be an EXCLUSIVE-QR gate. 
Summer means is a combiner 105 and the transmitting means includes a transmitter which 
is embodied as a signal source 108 coupled to modulator 107. The transmitter-message- 
chip-code generator 102 is coupled to the EXCLUSIVE-OR device 103. The transmitter- 
generic-chip-code generator 101 is shown coupled to the transmitter-message-chip-code 
generator 102 and the source for message data. The EXCLUSIVE-OR device 103 and the 
transmitter-generic-chip-code generator 101 are coupled to the combiner 105. The 
modulator 107 is coupled between the combiner 105 and the communications channel 1 10. 
[0039] At the receiver the generic-spread-spectrum-processing means is embodied as 

[t the receiver-generic-chip-code generator 12 1, the generic mixer 123 and the generic- 

Q 

P bandpass filter 125. The generic mixer 123 is coupled between the receiver-generic-chip- 

M 

f|| code generator 121 and the generic-bandpass filter 125. The message-spread-spectrum- 

P 

gj processing means is embodied as a receiver-message-chip-code generator 122, a message 
mixer 124 and, a message-bandpass filter 126. The message mixer 124 is coupled between 

C? the receiver-message-chip-code generator 122 and the message-bandpass filter 126. A 

iry 

Q power splitter 115 is coupled between the communications channel 110, and the generic 

W 

P mixer 123 and the message mixer 124. 

ru 

[0040] The acquisition and tracking means is embodied as an acquisition and tracking 
circuit 13 1. The acquisition and tracking circuit 13 1 is coupled to an output of the generic- 
bandpass filter 125, and to the receiver-generic-chip-code generator 121. The receiver- 
message-chip-code generator 122 preferably is coupled to the receiver-generic-chip-code 
generator 121. 

[0041] The detection means is embodied as a detector 139. The detector 139 is 
coupled to the message-bandpass filter 126 and the generic-bandpass filter 125. The 
detector 139 may be a nonsynchronous detector such as an envelope detector or square-law 
detector. Alternatively, the detector 139 may be a synchronous detector, which uses a 
recovered-carrier signal from the generic-bandpass filter 125. 

-8- 
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[0042] The synchronous means includes bit means, a lowpass filter 128 and electronic 
switch 130. The bit means is embodied as a bit synchronizer 129. The lowpass filter 128 
and electronic switch 130 are coupled to the bit synchronizer 129. The bit synchronizer 129, 
as shown in Figure 2, preferably is coupled to the receiver-generic-chip-code generator 121. 
Alternatively, the bit synchronizer 129 may be coupled to an output of the detector 139. 
[0043 ] The transmitter-generic-chip-code generator 101 generates a generic-chip-code 
signal, g 0 (t), and the transmitter-message-chip-code generator 102 generates a message- 
chip-code signal, gj (t). Synchronous timing of the message data, d x (t), and the message- 
chip-code signal, in Figure 2, is provided by the generic-chip-code signal, although other 

H sources can be used such as a common clock signal for synchronization. The EXCLUSIVE- 
LY 

B OR device 103 generates a spread-spectrum signal by spread-spectrum processing message 

rU data with the message-chip-code signal. The spread-spectrum processing may be 

()() accomplished by modulo-2 adding the message data to the message-chip-code signal. The 

q 

s combiner 105 combines the generic-chip-code signal with the spread-spectrum-processed 

O 

pjj signal. The combined generic-chip-code signal, and spread-spectrum-processed signal may 
W be a multilevel signal, having the instantaneous voltage levels of the generic-chip-code 
C| signal and the spread-spectrum-processed signal. 

[0044] The modulator 1 07, as part of the transmitter, modulates the combined generic- 
chip-code signal and spread-spectrum-processed signal by a carrier signal, cos co D t, at a 
carrier frequency, f G . The modulated generic-chip-code signal and spread-spectrum 
processed signal are transmitted over the communications channel 110 as a code division 
multiple access (CDMA) signal, ^ (t). Thus, the CDMA signal includes the generic-chip- 
code signal and the spread-spectrum-processed signal as if they were each modulated 
separately, and synchronously, on separate carrier signals having the same carrier frequency, 
f G , and transmitted over the communications channel. 

[0045] At a receiver, the generic-spread-spectrum-processing means recovers the 
carrier signal, cos co 0 1, from the CDMA signal, x 0 (t), and the message-spread-spectrum- 



-9- 



I-2-72.3US 



processing means despreads the CDMA signal, x 0 (t), as a modulated-data signal, dj (t). 
More particularly, referring to Figure 2, the CDMA signal received from the 
communications channel 1 10, is divided by power splitter 115. The receiver-generic-chip- 
code generator 121 generates a replica of the generic-chip-code signal, g 0 (t). The generic 
mixer 123 uses the replica of the generic-chip-code signal for despreading the CDMA 
signal, x c (t), from the power splitter 1 15, as a recovered-carrier signal. The spread-spectrum 
channel, of the CDMA signal having the generic-chip-code signal, g 0 (t) cos co 0 1, generally 
does not include data so that despreading the CDMA signal produces the carrier signal, only. 
The generic-bandpass filter 125 filters the recovered-carrier signal at the carrier frequency, 

h' or equivalently, at an intermediate frequency. In comparison to the message-bandpass filter 

O 

□ 126 which has a bandwidth sufficiently wide for filtering a modulated-data signal, the 

L, 5 

p j generic-bandpass filter 125 can have a very narrow bandwidth for filtering the recovered- 
pi 

earner signal. The very narrow bandwidth of the generic-bandpass filter 125 assists in 
^ extracting the recovered-carrier signal from noise. 

Q [0046] The acquisition and tracking circuit 131 acquires and tracks the recovered- 

ru 

O carrier signal from an output of the generic-bandpass filter 125. The replica of the generic- 

p chip-code signal from the receiver-generic-chip-code generator 121 is synchronized to the 

m 

recovered-earner signal via acquisition and tracking circuit 131. 

[0047] The receiver-message-chip-code generator 122 generates a replica of the 
message-chip-code signal, g x (t). The replica of the message-chip-code signal, g! (t), is 
synchronized to the replica of the generic-chip-code signal, g 0 (t), from the receiver-generic- 
chip-code generator 121. Thus, the receiver-message-chip-code generator 122, via 
synchronization to the receiver-generic-chip-code generator 121, has the same 
synchronization as the transmitter-message-chip-code generator 102 via synchronization to 
the transmitter-generic-chip-code generator 101. Accordingly, the spread-spectrum 
communications channel having the generic-chip-code signal provides coherent spread- 
spectrum demodulation of the spread-spectrum channels with data. 

-10- 
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[0048] The message mixer 124 uses the replica of the message-chip-code signal for 
despreading the CDMA signal from the power splitter 1 15, to generate a modulated-data 
signal, dj (t) cos co Q t. The modulated-data signal effectively is the message data modulated 
by the carrier signal. The message-bandpass filter 126 filters the modulated-data signal at 
the carrier frequency, or equivalently at an intermediate frequency (IF). Down converters, 
which convert the modulated-data signal to an IF, optionally may be used without altering 
the cooperative functions or teachings of the present invention. 

[0049] The detector 139 demodulates the modulated-data signal as a detected signal. 

The detected signal is filtered through lowpass filter 128, sampled by electronic switch 130 
p and outputted as received data, d x (t). The received data, without errors, are identical to the 
O message data. The lowpass filter 128 and electronic switch 130 operate in an "integrate and 
[|J dump" function, respectively, under the control of the bit synchronizer 129. 

Ut [0050] The bit synchronizer 129 controls the integrating and dumping of lowpass 

O 

p filter 128 and electronic switch 130. The bit synchronizer 129 preferably derives 

O 

pj synchronization using the replica of the generic-chip-code signal from the receiver-generic- 

0 

m chip-code generator 12 1 as illustrated in Figure 2. The bit synchronizer 129 also may derive 

,=31. 

^ synchronization from an output of the detector 139, as illustrated in Figure 1. 

[005 1] In a preferred embodiment, the bit synchronizer 129 receive the replica of the 
generic-chip-code signal, g 0 (t), from the receiver-generic-chip-code generator 121. The 
replica of the generic-chip-code signal, by way of example, may include a chip codeword 
having 8250 chips. Assuming that there are eleven bits per chip codeword, then there are 
750 chips per bit of data. Since the replica of the generic-chip-code signal provides 
information to the bit synchronizer 129 as to where the chip codeword begins, the bit 
synchronizer 129 thereby knows the timing of the corresponding bits for synchronization. 
[0052] The present invention further may include transmitting as the CDMA signal, 
a plurality of spread-spectrum-processed signals for handling a plurality of message data. 
In this case the invention includes a plurality of message means and a plurality of spreading 
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means. Referring to Figure 3 A, the plurality of message means may be embodied as a 
plurality of transmitter-message-chip-code generators and the plurality of spreading means 
may be embodied as a plurality of EXCLUSIVE-OR gates. The plurality of transmitter- 
message-chip-code generators generates a plurality of message-chip-code signals. In Figure 
3 A, the plurality of transmitter-message-chip-code generators is shown as first transmitter- 
message-chip-code generator 102 generating first message-chip-code signal, g x (t), second 
transmitter-message-chip-code generator 172 generating second message-chip-code signal, 
g 2 (t), through transmitter-message-chip-code generator 182 generating message- 
chip-code signal, g N (t). The plurality of EXCLUSIVE-OR gates is shown as first 

□ EXCLUSIVE-OR gate 103, second EXCLUSIVE-OR gate 173, through N* EXCLUSIVE- 

p 

q OR gate 183. The plurality of EXCLUSIVE-OR gates generates a plurality of spread- 

p spectrum-processed signals by modulo-2 adding the plurality of message data ^ (t), (t), 

SJ . . • , d N (t) with the plurality of message-chip-code signals g x (t), g 2 (t), . . . , g N (t), 

■ respectively. More particularly, the first message data, d x (t), are modulo-2 added with the 

0 

M first message-chip-code signal, g x (t), the second message data, d 2 (t), are modulo-2 added 

0 

gi with the second message-chip-code signal, g 2 (t), through the N m message data, d N (t), which 

Q 

pi are modulo-2 added with the message-chip-code signal, g N (t). 

[0053] The transmitter-generic-chip-code generator 10 1 is coupled to the plurality of 
transmitter-message-chip-code generators and the source for the plurality of message data, 
di (t), dz (t), . . . d N (t). The generic-chip-code signal g 0 (t), in a preferred embodiment, 
provides synchronous timing for the plurality of message-chip-code signals g x (t), g 2 (t), . . 
. , g N (t), and the plurality of message data d x (t), (t), . . . , d N (t). 

[0054] The combiner 105 combines the generic-chip-code signal and the plurality of 
spread-spectrum-processed signals, by linearly adding the generic-chip-code signal with the 
plurality of spread-spectrum-processed signals. The combined signal typically is a 
multilevel signal, which has the instantaneous voltage levels of the generic-chip-code signal 
and the plurality of spread-spectrum-processed signals. 
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[0055] The modulator 107, as part of the transmitter, modulates the combined generic- 
chip-code signal and the plurality of spread-spectrum-processed signals by a carrier signal, 
cos co G t, at a carrier frequency, f G . The modulated generic-chip-code signal and the plurality 
of spread-spectrum processed signals are transmitted over the communications channel 1 10 
as a CDMA signal, x c (t). The CDMA signal, x c (t) has the form: 



&>(')+ Z [&(0 + 4(0] Msfl >o' 

1 



ni 



bat 

p Thus, the CDMA signal includes the generic-chip-code signal and the plurality of spread- 

pjj spectrum-processed signals as if they were each modulated separately, and synchronously, 

P on separate carrier signals with the same carrier frequency, f 0 , and transmitted over the 

8 communications channel. 

a 

P [005 6] The present invention includes receiving a CDMA signal which has a plurality 

m 

q of spread-spectrum-processed signals. The receiver further includes a plurality of message- 
q spread-spectrum processing means, a plurality of detection means and a plurality of 
synchronous means. The plurality of message-spread-spectrum-processing means, as shown 
in Figure 3B, may be embodied as a plurality of message-chip-code generators, a plurality 
of message mixers and a plurality of message-bandpass filters. A mixer is connected 
between a respective message-chip-code generator and message-bandpass filter. The 
plurality of message mixers is coupled to the power splitter 115. More particularly, the 
plurality of message-chip-code generators is shown embodied as first message-chip-code 
generator 122, second message-chip-code generator 172, through message-chip-code 
generator 1 82. The plurality of message mixers is shown as first message mixer 124, second 
message mixer 174 through message mixer 184. The plurality of message-bandpass 
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filters is shown as first message-bandpass filter 126, second message-bandpass filter 176, 
through N* message-bandpass filter 186. 

[0057] The plurality of detection means may be embodied as a plurality of 
synchronous detectors which is shown as first synchronous detector 127, second 
synchronous detector 177 through synchronous detector 187. Each of the plurality of 
synchronous detectors are coupled to one of the plurality message-bandpass filters. 
[0058] The plurality of synchronous means may include a bit synchronizer 129, a 
plurality of lowpass filters and a plurality of electronic switches. The plurality of lowpass 
filters is shown as first lowpass filter 128, second lowpass filter 178, through lowpass 
filter 188. The plurality of electronic switches is shown as first electronic switch 130, 
P second electronic switch 180 through N* electronic switch 190. Each of the plurality of 

HI synchronous detectors is coupled to an output of the generic-bandpass filter 125. The 

O 

U\ recovered-earner signal from the generic-bandpass filter 125 serves as the reference signal 

O 

B for synchronously demodulating each of the plurality of message-data signals by the plurality 

O 

m 

u 

ei 



of synchronous detectors, as a plurality of received data, ^ (t), (t), . . . , d N (t). 

[0059] The detection means alternatively may be embodied as a plurality of 



D nonsynchronous detectors, such as envelope detectors 139, 189, 199, as shown in Figure 3C. 

ru 

Typically, the nonsynchronous detectors do not require the recovered-earner signal. 
[0060] The bit synchronizer 129 derives timing from the replica of the generic-chip- 
code signal, g 0 (t), and controls the timing of the integrating and dumping functions of the 
plurality lowpass filters and the plurality of electronic switches. 

[0061] With the use of the invention as embodied in Figure 3B, a generic-spread- 
spectrum channel, as part of the CDMA signal, provides the recovered-carrier signal, as 
discussed previously. The acquisition and tracking circuit 131 acquires and tracks the 
recovered-carrier signal from an output of the generic-bandpass filter 125. The replica of 
the generic-chip-code signal from the receiver-generic-chip-code generator 121 is 
synchronized to the recovered-carrier signal via acquisition and tracking circuit 13 1. The 
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receiver-generic-chip-code generator 1 2 1 generates a replica of the generic-chip-code signal, 
g 0 (t), which provides timing to bit synchronizer 129 and to the plurality of receiver- 
message-chip-code generators 122, 172, 182. 

[0062] The present invention also includes a method for synchronously demodulating 
a CDMA signal. Message data are input to the spreading means. Referring to Figure 4, the 
method comprises the steps of generating 403 a generic-chip-code signal. The method 
further includes generating 405 message data synchronized to the generic-chip-code signal, 
and generating 407 a message-chip-code signal synchronized to the generic-chip-code 
signal. Message data are processed, using a spread-spectrum modulator, with the message- 

O chip-code signal to generate a spread-spectrum-processed signal. The generic-chip-code 

P 

Sj signal is combined 409 with the spread-spectrum-processed signal. The method transmits 

ni 

p 411 the combined generic-chip-code signal and spread-spectrum-processed signal on a 
pi! carrier signal over the communications channel as a CDMA signal. 

•astir 

L [0063] At a receiver, the method includes recovering 413 the carrier signal from the 

ni CDMA signal and despreading 415 the CDMA signal as a modulated-data signal. The 

Q 

QE) recovered-carrier signal is used to synchronize the step of despreading the CDMA signal and 
Rj to optionally synchronously demodulate 417 and output 419 the modulated-data signal as 
received data. 

[0064] In use of system as set forth in Figure 3A, the transmitter-generic-chip-code 
generator 101 generates the generic-chip-code signal, g 0 (t). Message data are spread- 
spectrum processed by the EXCLUSIVE-OR device 103 with message-chip-code signal, g Y 
(t), from transmitter-message-chip-code generator 102. The combiner 105 combines the 
generic-chip-code signal with the spread-spectrum-processed signal. The combined signal 
may be, for example, a multilevel signal, which is generated by linearly adding the voltage 
levels of the generic-chip-code signal and the spread-spectrum-processed signal, or by 
adding the voltage levels of the generic-chip-code signal with a plurality of spread-spectrum- 
processed signals. The transmitter transmits on a carrier signal having a carrier frequency, 
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f OJ the combined generic-chip-code signal and the plurality of spread-spectrum-processed 
signals. The CDMA signal is transmitted through the communications channel 1 10. 
[0065] At the receiver, as shown in Figure 3B, the generic-spread-spectrum- 
processing means, embodied as the receiver-generic-chip-code generator 121, the generic 
mixer 123 and the generic-bandpass filter 125, cooperatively operate to recover the carrier 
signal from the CDMA signal. The message-spread-spectrum-processing means, embodied 
as the receiver-message-chip-code generator 122, the message mixer 124 and the message- 
bandpass filter 126, cooperatively despread the CDMA signal as the modulated-data signal. 
The receiver-message-chip-code generator 122 preferably is synchronized to the replica of 

lank 

Q the generic-chip-code signal from the receiver-generic-chip-code generator 1 2 1 . A plurality 

O 

\| of receiver-message-chip-code generators may be employed, synchronized to the replica of 

P the generic-chip-code signal. The synchronous means, embodied as the synchronous 

CO 

q detector 127 synchronized to the recovered-carrier signal, demodulates the modulated-data 

JLj signal as received data. 

5? [0066] The received data are integrated and dumped by lowpass filter 128 and 

U) electronic switch 130, under control of the bit synchronizer 129. The bit synchronizer 129 

Q 

fy preferably uses the replica of the generic-chip-code signal for synchronizing the integrate 
and dump functions. 

[0067] Spread Spectrum Geolocation 

[0068] A spread spectrum code division multiple access (CDMA) communications 
and geolocation system and method for use over a communications channel is provided 
comprising at least one base station and a plurality of remote units. The remote units may 
be mobile or in a fixed, stationary location. Message data are communicated between the 
base stations and the remote units. Message data include, but are not limited to, digitized 
voice, computer data, facsimile data, video data, etc. The base station communicates base- 
message data to the plurality of remote units. A remote unit communicates remote-message 
data to the base station. Base-message data are defined herein to be message data 
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originating from a base station, and remote-message data are defined herein to be message 
data originating from a remote unit. The following discussion is of a preferred embodiment 
with the range between the base station and remote unit being determined at the base station. 
The roles of the base station and remote unit can be interchanged, as an equivalent to those 
skilled in the art, with the range being determined at the remote unit. 
[0069] In the exemplary arrangement shown in Figure 5, a base station includes base- 
spreading means, base-generic means, base-combiner means, base-transmitter means, and 
base antenna. The term "base" is used as a prefix to indicate an element is located at the 
base station, or that a signal originates from a base station. 
£jj [0070] The base-spreading means spread-spectrum processes the base-message data, 

O dj (t). The base-spreading means is embodied as a base-spread-spectrum modulator. The 

SI 

Hi base-spread-spectrum in modulator is shown as a message-chip-code generator 502 and an 

gj EXCLUSIVE-OR gate 503. The EXCLUSIVE-OR gate 503 is coupled to the message- 

D 

a ' chip-code generator 502. The message-chip-code generator 502 uses a chip codeword for 

|| generating a chip-code sequence for spread-spectrum processing base-message data, d x (t). 

p| The chip-code sequence from message-chip-code generator 502 is spread-spectrum 

Q processed by modulo addition by EXCLUSIVE-OR gate 503 . Many equivalent circuits can 

FU 

be used for the base-spread-spectrum modulator, including but not limited to, product 
devices for multiplying the chip-code sequence by the base-message data, matched filters 
and surface acoustic wave devices which have an impulse response matched to the chip-code 
sequence, as is well known to those skilled in the art. 

[007 1] The base-generic means generates a base-generic-chip-code signal. The term 
"generic" is used as a prefix to indicate that the generic-chip-code signal is an unmodulated, 
or low data rate, direct-sequence spread-spectrum signal, which can serve as a pilot channel. 
The pilot channel allows a user to acquire timing, and provides a phase reference for 
coherent demodulation. The base-generic means is embodied as a base-generic-chip-code 
generator 501. The base-generic-chip-code generator 501 generates a base-generic-chip- 
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code signal, using a chip codeword commonly shared with all remote units communicating 
with the base station. The message-chip-code generator 502 is coupled to the base-generic- 
chip-code generator 501, for deriving common timing. Alternatively, a common clock can 
be used for providing the timing signal to the message-chip-code generator 502 and the 
base-generic-chip-code generator 501. 

[0072] The base-combiner means combines the base-generic-chip-code signal with 
the spread-spectrum-processed-base-message data, to generate a base-CDMA signal. The 
base-combiner means is embodied as a base combiner 505. The base combiner 505 is 
coupled to the base-generic-chip-code generator 501 and the EXCLUSIVE-OR gate 503. 
q The base combiner 505 linearly adds the base-generic-chip-code signal with the spread- 
SJj spectrum-processed-base-message data from EXCLUSIVE-OR gate 503. The resulting 
5| signal at the output of the base combiner 505 is a code division multiple access (CDMA) 

61 signal, denoted herein as the base-CDMA signal. Selected variations of nonlinear 

O 

a combining also may be used, so long as the resulting base-CDMA signal can have its 
f|j channels detected at a spread-spectrum receiver. 

gj [0073] The base-transmitter means transmits the base-CDMA signal from the base 
*j station to a remote unit. The base-transmitter means is embodied as a signal source 508 and 
product device 507. The product device 507 is coupled between the base combiner 505 and 
the signal source 508. The signal source 508 generates a first carrier signal at a first carrier 
frequency f v The base-CDMA signal, from the output of the base combiner 505, is 
multiplied by the first carrier signal by product device 507. Other transmitting devices are 
well known in the art for putting a desired signal at a selected carrier frequency. 
[0074] The base antenna 509 is coupled through an isolator 513 to the base- 
transmitter means. The base antenna 509 radiates the base-CDMA signal at the first carrier 
frequency. 

[0075] As illustratively shown in Figure 6, a remote unit includes a remote antenna 
511, remote-detection means, remote-spreading means, remote-combiner means, and remote- 
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transmitter means. Each remote unit also may include remote-generic means. The term 
"remote" is used as a prefix to indicate an element is located at a remote unit, or that a signal 
originates from the remote unit. The remote antenna 5 1 1 receives the base-CDMA signal 
radiated from the base station. 

[0076] The remote-detection means is coupled to the remote antenna 511. The 
remote-detection means detects the base-generic-chip-code signal embedded in the base- 
CDMA signal. Using the detected-base-generic-chip-code signal, the remote-detection 
means recovers the base-message data communicated from the base station. A remote unit 
can retransmit the detected-base-generic-chip-code signal, or optionally, can have remOte- 
q generic means generate a different remote-generic-chip-code signal. 

[0077] In Figure 6, the remote-detection means is embodied as a product device 536, 
p| bandpass filter 537, acquisition and tracking circuit 538, generic-chip-code generator 539, 

09 message-chip-code generator 541, product device 542, bandpass filter 543, data detector 

CI 

5 544, lowpass filter 545, and bit synchronizer 540. As is well known in the art, other devices 

Q 

f|i and circuits can be used for the same function, including but not limited to, matched filters, 

q 

|j surface acoustic wave devices, etc. This circuit acquires and tracks the base-generic-chip- 
jjjj code signal embedded in the base-CDMA signal. The base-CDMA signal is received at 
remote antenna 511, and passes through isolator 534 and power splitter 535. The base- 
generic-chip-code signal is detected using product device 536, bandpass filter 537, 
acquisition and tracking circuit 538 and generic-chip-code generator 539. The function of 
this circuit is as described in the previous section. The detected-base-generic-chip-code 
signal is used to recover the base-messages data embedded in the base-CDMA signal, using 
message-chip-code generator 541, product device 542, bandpass filter 543, data detector 
544, lowpass filter 545, and bit synchronizer 540. The data detector 544 may operate 
coherently or noncoherently. The detected base-message data is outputted as detected data, 
d RI (t). 
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[0078] If the base-generic-chip-code signal is to be combined as part of the remote- 
CDMA signal, then generic-chip-code generator 546 is not required, since the base-generic- 
chip-code signal is available at the output of the generic-chip-code generator 539. If a 
remote-generic-chip-code signal, which is different from the base-generic-chip-code signal, 
is to be used, then the generic-chip-code generator 546 can be used for generating the 
remote-generic-chip-code signal. In the latter case, the remote-generic-chip-code signal is 
clocked or synchronized with the detected base-generic-chip-code signal. For purposes of 
discussion, the remote-generic-chip-code signal is considered to be sent from the remote unit 
to the base station, with the understanding that the remote-generic-chip-code signal can be 
identical to, or one and the same as, the detected base-generic-chip-code signal. 
[0079] The remote-spreading means spread-spectrum processes remote-message data. 
The remote-spreading means is embodied as a remote-spread-spectrum modulator. The 
remote-spread-spectrum modulator is shown as a message-chip-code generator 548 and an 
EXCLUSIVE-OR gate 547. The EXCLUSIVE-OR gate 547 is coupled to the message- 
chip-code generator 548. The message-chip-code generator 548 uses a chip codeword for 
generating a chip-code sequence for spread-spectrum processing remote-message data, cl, 
(t). The chip-code sequence from message-chip-code generator 548 is spread-spectrum 
processed by modulo addition by EXCLUSIVE-OR gate 547. Many equivalent circuits can 
be used for the remote-spreading means, including but not limited to, product devices for 
multiplying the chip-code sequence by the base-message data, matched filters and surface 
acoustic wave devices, as is well known to those skilled in the art. 
[0080] The remote-generic-chip-code signal and the spread-spectrum-processed- 
remote-message data are combined by the remote-combiner means, as a remote-CDMA 
signal. The remote-combiner means is embodied as a remote-combiner 549. The remote 
combiner 549 is coupled to the EXCLUSIVE-OR gate 547, and the remote-generic-chip- 
code generator 546, or alternatively to the generic-chip-code generator 539. The remote 
combiner 549 linearly adds the remote-generic-chip-code signal with the spread-spectrum- 
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processed-remote-message data from EXCLUSIVE-OR gate 547. The resulting signal at 
the output of the remote combiner 549 is a code division multiple access (CDMA) signal, 
denoted herein as the remote-CDMA signal. Selected variations of nonlinear combining 
also may be used, so long as the resulting remote-CDMA signal can have its channels 
detected at a spread-spectrum receiver. 

[0081] The remote unit also includes the remote-transmitter means for transmitting 
the remote-CDMA signal from the remote unit to the base station. The remote-transmitter 
means is embodied as a signal source 55 1 and product device 550. The product device 550 
is coupled between the remote combiner 549 and the signal source 55 1. The signal source 
55 1 generates a carrier signal at a second carrier frequency f 2 . The remote-CDMA signal, 

O 

P from the output of the remote combiner 549, is multiplied by the second carrier signal by 
r|l product device 550. Other transmitting devices are well known in the art for putting a 



m 



desired signal at a selected carrier frequency. The second carrier frequency may be the same 
© as, or different from, the first carrier frequency. 

Q [0082] The remote antenna 511 is coupled through an isolator 534 to the remote- 
ly 

C| transmitter means. The remote antenna 511 radiates the remote-CDMA signal at the second 

q carrier frequency. 

m 

[0083] Each of the base stations further includes base-detection means and range 
means. The base-detection means is coupled to the base antenna 509 through isolator 513 
and power splitter 515. The base detection means detects the remote-generic-chip-code 
signal embedded in the remote-CDMA signal. The base-detection means, as illustrated in 
Figure 5, may be embodied as a base detector which may includes a product device 523, 
bandpass filter 525, acquisition and tracking circuit 531, generic-chip-code generator 521, 
message-chip-code generator 522, product device 524, bandpass filter 526, data detector 
527, lowpass filter 528, and bit synchronizer 529. As is well known in the art, the base 
detection means may be embodied with other devices and circuits which perform the same 
function, including but not limited to, matched filters, surface acoustic wave devices, etc. 
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This circuit acquires and tracks the remote-generic-chip-code signal embedded in the 
remote-CDMA signal. The remote-CDMA signal is received at base antenna 509, and 
passes through isolator 513 and power splitter 515. The remote-generic-chip-code signal 
is detected using product device 523, bandpass filter 525, acquisition and tracking circuit 
531 and generic-chip-code generator 521. The function of this circuit is as previously 
described. The detected-remote-generic-chip-code signal is used to recover the remote- 
message data embedded in the remote-CDMA signal, using message-chip-code generator 
522, product device 524, bandpass filter 526, data detector 527, lowpass filter 528, and bit 
synchronizer 529. The data detector 527 may operate coherently or noncoherently. The 

h detected remote-message data is outputted as detected data, d R2 (t). Thus, the base detector 

Cj 

O recovers, using the detected-remote-generic-chip-code signal, the remote message data 

Sj 

nj communicated from the remote unit. 

B 

gjj [0084] Using the detected-remote-generic-chip-code signal and the base-generic-chip- 

^ code signal, the range means determines a range delay between the remote unit and the base 

□ station. The range means is embodied as a range delay device 530, which can compare the 

hi 

0 timing between the base-generic-chip-code signal from the generic-chip-code generator 501, 
p with the detected remote-generic-chip-code signal from the generic-chip-code generator 52 1 . 



ry 



[0085] The present invention may include further the steps of spread-spectrum 

processing the base-message data; generating a base-generic-chip-code signal; combining 
the base-generic-chip-code signal with the spread-spectrum-processed-base-message data, 
thereby generating a base-CDMA signal; transmitting the base-CDMA signal from the base 
station to the remote unit; detecting the base-generic-chip-code signal embedded in the base- 
CDMA signal; recovering, using the detected-base-generic-chip-code signal, the base- 
message data; spread-spectrum processing remote-message data; generating, using the 
detected-generic-chip-code signal and the spread-spectrum-processed-remote data, a remote- 
CDMA signal; transmitting the remote-CDMA signal from the remote unit to the base 
station; detecting the remote-generic-chip-code signal embedded in the remote-CDMA 
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signal; recovering, using the detected-remote-generic-chip-code signal, the remote-message 
data; and determining, using the detected-remote-generic-chip-code signal and the base- 
generic-chip-code signal, a range delay between the remote unit and the base station. 
[0086] In use, the base station spread-spectrum processes the base-message data with 
a message-chip-code signal, and combines the spread-spectrum-processed-base-message 
data with a base-generic-chip-code signal The combined signal is a base-CDMA signal 
which is transmitted over a communications channel to at least one remote unit. 
[0087] The remote unit receives the base-CDMA signal, detects the base-generic- 
chip-code signal embedded in the base-CDMA signal, and uses the detected-base-generic- 

h chip-code signal to recover the base-message data embedded in the base-CDMA signal. 

0 

q [0088] The detected base-generic-chip-code signal is relayed as a remote-generic- 

M 

1=11 chip-code signal, or is used to set the liming for a different remote-generic-chip-code signal, 

O 

|jj which is sent from the remote unit to the base station. The remote unit spread-spectrum 

O processes the remote-message data with a remote-chip-code signal, and combines the spread- 

3 

C) spectrum-processed-remote-message data with the remote-generic-chip-code signal as a 

m 

Q remote-CDMA signal. The remote-CDMA signal is sent over the communications channel 

Pi 

q to the base station. 

m 

[0089] At the base station, the remote-generic-chip-code signal is detected from the 
remote-CDMA signal, and the detected remote-generic-chip-code signal is used to detect the 
remote-message data embedded in the remote-CDMA signal. Additionally, the detected 
remote-generic-chip-code signal is compared with the base-generic-chip-code signal in a 
range-delay circuit, to determine the range of the remote unit from the base station. 
Effectively, the range between the remote unit and the base station is a function of the timing 
between sending a sequence of the chip codeword which generated the base-generic-chip- 
code signal, and receiving the sequence generated by the chip codeword which generated 
the remote-generic-chip-code signal. 
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[0090] The concept of using a radio frequency (RF) signal to determine range is well 
known in the art. The RF signal is subject to a fixed rate of propagation, 3 x 10 8 meters/sec. 
The RF signal leaves a transmitter some time before it reaches a receiver. A particular 
sequence of the base-generic-chip-code signal and remote-generic-chip-code signal are used 
as a mark in time. The difference in time of the sequence of the base-generic-chip-code 
signal as seen at the receiver of the remote unit, from that present at the transmitter of the 
base station, is related directly to distance between the base station and remote unit. 
Similarly, the difference in time of the sequence of the remote-generic-chip-code signal as 
seen at the receiver of the base station from that present at the transmitter of the remote unit, 
is related directly to distance between the remote unit and base station. 
[009 1 ] The use of the base-generic-chip-code signal and the remote-generic-chip-code 
signal is a common type of echo range measurement method that is used in radar systems. 
Many radar systems simply employ a pulse of RF energy and then wait for a return of a 
portion of the energy due to the pulse being reflected from objects. The radar marks time 
from the instant of pulse transmission until its return. The time required for the pulse to 
return is a function of the two-way range to the object. The range is easily determined from 
the signal propagation speed. 

[0092] The spread-spectrum signals of the present invention are subject to the same 
distance/time relationship. The spread-spectrum signal of the present invention has an 
advantage in that its phase is easily resolvable. The basic resolution of a sequence of a base- 
chip-code signal or a remote-chip-code signal is one code chip. Thus, the higher the chip 
rate, the better the measurement capability. Thus, at a chip rate of 10 Mchips/sec, a basic 
range resolution is 10" 7 seconds, or 30 meters. 

[0093] Additional delays may be encountered in the circuitry of the remote unit. 
These delays can be compensated at the base station, when determining the distance between 
the base station and the remote unit. 
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[0094] It will be apparent to those skilled in the art that various modifications can be 
made to the synchronous spread-spectrum communications system and method of the instant 
invention without departing from the scope or spirit of the invention, and it is intended that 
the present invention cover modifications and variations of the synchronous spread-spectrum 
communications system and method provided they come in the scope of the appended claims 
and their equivalents. 

* * * 
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